Abstract
Introduction
Small and medium-sized enterprises (SMEs) are paramount for the economy. In the European Union and the U.S., they represent around 99 percent of all firms accounting for more than 60% of all jobs [1] . Despite their importance, the strategic literature on these types of firms is scarce when compared to that of bigger firms [1] . Nowadays, in the case of SMEs, their competitiveness in a global economy that has become knowledge-based (instead of product-based) is mostly determined by their innovation performance [2] , and by their service innovation performance in particular [3] . 1 DCs refer to the ability to reconfigure resources and competencies in order to rapidly respond to changing environmental conditions [5] . 2 Our use of terms about causality (i.e., 'causal terms') is consistent with the accepted terminology employed in configuration theory [e.g., Further, SMEs face conflicting demands for exploitation and innovation, and thus, they have to be IT ambidextrous -capable of both exploit and explore with IT capabilities [4] -if they are to improve their performance [4] . IT ambidexterity has been considered either a dynamic capability (DC) 1 [6] or an antecedent to other DCs (e.g., organizational agility) [7] , and recent calls for research exist into the specific form of IT ambidexterity needed and its effects on performance [8, 9] in different contexts (e.g., SMEs) [10] .
At the same time, when studying strategic constructs (i.e., IT ambidexterity), the literature points to certain gaps that this study seeks to address. First, given the divide between the strategic literatures of IT and management [11, 12] , IT-related constructs need to be studied in conjunction with other organizational ones (i.e., other DCs) so synergies can be captured [13] . Second, there is a need to include the firm's environment (i.e., environmental uncertainty) when studying the DCs-performance link since the majority of research fails to account for this construct [14] . Finally, because most research to date has taken a 'unifinal' approach leading scholars are calling for configurational approaches capable of accommodating for 'equifinality'.
Our paper, thus, focuses on the study of IT ambidexterity (i.e., IT for exploitation and IT for exploration) along with two other key strategic constructs -organizational-based DCs and environmental uncertainty -as they affect the service innovation performance of industrial service SMEs from a configurational approach. This phenomenon (i.e., the interplay between IT ambidexterity, DCs, and environmental uncertainty) has been termed as the digital ecodynamics of the firm [15] . The configurational approach is based on the premise that it is the holistic patterns and combinations of variablescalled 'causal terms' 2 -that influence preferable 15] . In doing so, we do not claim the 'causality' or 'net effects' thinking that dominates variance-based quantitative social science. Instead, configuration theory allows for the study of 'INUS' conditions (please see Ortiz de Guinea & Webster [16] for a discussion on causality and an explanation of 'INUS' conditions).
outcomes [15] . Such configurations allow for complex and nonlinear relations [17] as well as for "equifinality" [18] . Simply, equifinality is the possibility of reaching a particular outcome through different paths and from different starting conditions [18] . 
Configuration view of IT ambidexterity
Integrating the insights from the dynamic capabilitybased view, from the configurational approach and from the IT capabilities literature stream, we posit that the firm's service innovation performance does not depend on direct relations with each element of its digital ecodynamics alone but on specific configurations of the three elements together. A configuration is a specific combination of causal elements or conditions (in our case, IT ambidexterity, DCs, and environmental uncertainty) that together generate the outcome of interest (in our case, service innovation performance) [19] . The basic idea is that there should be an appropriate 'fit' between the elements of digital ecodynamics that equally lead to service innovation performance. This reasoning leads to a conceptual framework based on fit logic and configuration theory (see Figure 1 below), further explained in the following sections. 
Digital ecodynamics of service innovation
Since DCs are multifaceted [20] , two dimensions of DCs deemed most important for service innovation are studied here: innovation capability and networking capability. These two DCs have been identified in the literature as being paramount for SMEs' performance [21] . In the services sector, innovation capability refers to the firm's ability to apply its knowledge, resources and competencies to innovation activities in order to develop new services or improve existing ones [22] . The firm's innovation capability is one DC that determines competitive performance [23] . Networking capability which is related to innovation capability [24] , is another DC that is believed to impact performance [24] , especially for small businesses [25] . It refers to the capability of managing business partnerships, the main idea being that such collaborations are established in order to improve performance [26] .
To conceptualize the notion of IT ambidexterity, one must start by describing its components, that is, IT capabilities. These capabilities are the ability to "mobilize and deploy IT-based resources in combination or co-present with other resources and capabilities" [27:171] . More specifically, the firm's IT capabilities include tangible IT assets such as the technological platforms that constitute its IT infrastructure capabilities [28] . IT capabilities also include the IT competencies that allow a firm to enable its intra-and inter-organizational business processes as well as its knowledge management through its use of IT, namely e-business capabilities [29] . Now, in order to capture the firm's strategic IT priorities, certain IT infrastructure and e-business capabilities may be categorized as being IT capabilities 'for exploitation', whereas others may be categorized as IT capabilities 'for exploration', following Levinthal and March's [30] conceptualization of how firms pursue either exploitation for efficiency or exploration for innovation, or both simultaneously. This categorization refers in particular to the concept of IT ambidexterity: the firm's ability to use IT capabilities for both exploration and exploitation in the pursuit of performance [4] .
The third component of the firm's digital ecodynamics, its environmental uncertainty, is defined as the extent to which the environment in which a firm operates is perceived to remain basically the same over time or is in a continued process of change [31] . Finally, the desired outcome of a tight fit between the three components of the firm's digital ecodynamics, its service innovation performance, is defined as the extent to which a company renews its service base for existing and potential customers [32, 33] .
Configurational approach
The configurational approach proposed herein stems from 'open systems' theory, which puts the emphasis on the interactions of the elements of a system and its environment, and in particular on the architecture of the firm's DCs [18] . The configurational approach to organizational analysis is thus better suited to capture holistic systemic effects than variance-and processbased approaches [34] . One paramount aspect of this approach is equifinality, or the property of open systems by which it is possible to reach a particular outcome through different paths [18] . Now, within the context of SMEs, 'suboptimal' equifinality is likely to apply, as these firms have only a limited set of alternative structural options to meet conflicting demands for exploitation and exploration [35] . Thus, engaging exclusively in one or another should have detrimental effects on their performance: exclusive exploration will prevent a firm from gaining returns on its knowledge while exclusive exploitation will eventually render the firm's services obsolete [22] . Yet some researchers emphasize that firms can attend both demands at the same time [36] , while others affirm that companies can only attend competently to one functional demand at a time [37] . In any case, the pressure to pursue the two conflicting demands is exacerbated in industrial service SMEs that face demands for exploiting services with well-defined processes as well as for developing new services that will quickly respond to market changes.
The concept of equifinality is closely linked to the notion of 'fit' [38] , which can be seen as the search for aligning the organization with its environment and as an arrangement of its resources and capabilities so as to support such alignment [17] . Configurational approaches that combine many elements, such as it is the case here (i.e., digital ecodynamics), are those that have been preferred in order to empirically asses fit [18] . Moreover, there exist different types of fit, depending on the functional form of the fit-based relationship (i.e., prevision) and the number of variables in the fit equation. In this study, a 'fit-as-gestalts' perspective is taken [38] because multiple variables are involved, thus, the degree of prevision must be relaxed and there is an absence of a priori evaluation criterion. Gestalts are defined "in terms of the degree of internal coherence among a set of theoretical attributes" [38:432] . According to Miller and Friesen [39] , the pattern of elements forming the gestalts tap into the notion of equifinality. Such gestalts provide feasible sets of internally consistent and equally effective configurations [38] .
Another characteristic of configurational approaches that differs greatly from the more traditional correlation type research is that of causal asymmetry [15, 40] . Causal asymmetry is the possibility that the causes leading to the existence of the outcome of interest will be different than those leading its absence [15, 40] . That is, elements might have different causal roles depending on the configuration. Thus, unlike the more common causal symmetry found in variance-based studies, configurational approaches accommodate nonlinearity in causation through causal asymmetry [13] .
The configurational approach can also distinguish between the elements of a configuration that are critical and those that are less important [15] . The criticality of each element is ascertained in terms of its 'coreness' [41:536] . More specifically, Fiss [15] defines core elements as those for which the evidence for a causal relationship with the outcome of interest is strong while peripheral elements are those for which the evidence indicates a weak cau,sal relationship to the outcome. Therefore, configurations are formed by causal elements that are more or less critical for the outcome. Core and periphery elements are also related to the notion of neutral permutations of a given configuration [15] . Neutral permutations mean that "within any given configuration, more than one constellation of different peripheral causes may surround the core causal condition, and the permutations do not affect the overall performance of the configuration" [15:398] . That is, there exists the possibility that a configuration might show different permutations of peripheral conditions or elements that do not alter the connection between all the configuration's elements and the outcome of interest.
Although departing from the resource-based view (RBV) and the dynamic capability-based view (DCV), the configurational approach complements -and gains insights from -these two views. From a configurational viewpoint, when relating configurations to organizational performance, the basic assumption is that performance may reside in the integrative mechanisms that ensure complementarity among the three elements of the firm's digital ecodynamics: its environmental uncertainty, IT ambidexterity, and dynamic capabilities [42] . In fact, it is believed that the firm's integration competencies increase the development and use of its DCs, which in turn enhance performance [43] . Relating this to the RBV and DCV, one can think of digital ecodynamic configurations as nonlinear combinations (of the three elements) that are hard to imitate [44] . Here the concept of fit is crucial as one assumes that digital ecodynamic configurations are leveraged to the extent that their components are in a state of coalignment [45] . It would thus be these 'coaligned' configurations that equally lead to innovation performance.
In summary, our propositions are that, in a suboptimal equifinality context, P1) disparate digital ecodynamic configurations are equifinal in leading to high service innovation performance, P2) the same element can either enable or inhibit service innovation performance depending on how it is configured with other elements, P3) the configurations leading to high service innovation performance differ from those leading to the absence of this performance, and P4) the configurations may show different permutations of peripheral elements.
Methodology
The data used in the study were obtained from a database created by a university research center for benchmarking purposes, containing information on 63 SMEs located in the province of Quebec, Canada, and operating in the industrial services sector. These firms offer to the manufacturing industry high-knowledge value-added services, high-knowledge support services and technical/functional services that are equipmentbased and rely on less highly educated personnel, and in areas such as marketing, production, logistics, human resources, information systems and technologies, finance and accounting. The database was created by having the SMEs' CEO and functional executives such as the marketing managers, accounting/finance manager and IT manager fill out a 20-page questionnaire to provide wide-ranging information on the competitive performance and business practices of their firm. In exchange for this information, the SMEs were provided with a full comparative diagnostic of their strategic positioning and competitive vulnerability.
Environmental uncertainty was measured by a 5-point Likert scale initially validated by Miller and Dröge [46] . Innovation capability was estimated from the frequency with which activities such as idea generation, prefeasibility, and analysis of ideas, customer information (suggestions, complaints), competitors' offerings and economic trends are undertaken [47, 48] . Networking capability was measured by the number of business collaborations established by the firm in matters of R&D and service development, operations, and marketing [49] . IT ambidexterity was measured through the capture of IT infrastructure and e-business capabilities. The SME's IT infrastructure and e-business capabilities were assessed through two summative index variables obtained from the identification of the various IT-based systems implemented by the firm, each system being assigned as being either mainly for exploitation (e.g., ERP) or for exploration (e.g., computer-aided design) [29, 31, 50, 51] . Finally, service innovation performance was measured by the average percentage of sales attributed to new or modified services, this measure being appropriate to the reality of SMEs [52] and thus, commonly used [53] .
Results
The research variables' reliability, descriptive statistics and intercorrelations are presented in Table 1 . Note that IT for exploration and IT for exploitation, are intercorrelated. Note also that these and networking capability are operationalized through 'index' rather than 'scale' measures [54] . An index variable tends to follow a Poisson-type rather than a normal distribution, that is, to be right-skewed if the mean is small. Moreover, an index regroups elements not expected to be highly intercorrelated, hence the inappropriateness of Cronbach's α coefficient to test its reliability [55] .
We investigated our configuration framework using fuzzy set qualitative comparative analysis (fsQCA), a second-generation configurational analysis technique [56] developed to deal with small sample sizes [57, 40] . In a nutshell, fsQCA is an analytical technique that uses Boolean algebra for determining the different configurations of elements that generate the same outcome [40, 56] . In this technique each element is considered a fuzzy set. Fuzzy sets have different degrees of membership into the set [40] . We used direct calibration of the raw data for identifying the three points of membership based on the scales' (or indexes') values because it is the recommended method when Likert scales and indexes have been used for data gathering [58] .
Necessity analysis
The study of necessary conditions (or elements/variables) is usually the first step in fsQCA analysis. A condition is necessary when its consistency score is above 0.9 [53] . Consistency measures the extent to which members in a condition also show membership in the outcome [59] . That is, they represent the proportion of fuzzy set scores in a condition (across all cases) that are less than equal to the corresponding scores in the outcome [59] . As it is shown in Table 2 , consistency scores indicate that none of the conditions alone is necessary for the outcome.
Configurations for high service innovation performance
Up until now, we have described fsQCA in terms of relationships between the case sets constructed for individual elements (or conditions) and for the outcomes. However, the major analytical contribution of fsQCA resides in its ability for evaluating relations between configurations (that is, combinations of condi- Table 2 . Analysis of necessary elements tions) and the outcome(s) [40, 56] . Table 3 shows the results of the fsQCA analysis with the causal configurations for the presence and absence (indicated by '~') of high service innovation performance 3 . With respect to the presence of the outcome, the analysis yields two different configurations leading to high service innovation performance. The raw coverage 4 is between .262 and .316, the unique coverage 5 is between .124 and .177, and the consistency 6 values for all the configurations are above .770. According to Ragin [56] a consistency score below .75 indicates substantial inconsistency, which is not the case care. Finally, the overall solution consistency is .750 and the overall solution coverage 7 is .440. The first configuration is characterized by the presence of IT for exploration (core condition), along with the absence of innovation and networking capabilities (core conditions), and IT for exploitation (peripheral condition) in both uncertain and stable environments. The second configuration is characterized by firms facing uncertain environments with IT for exploitation 3 The calibration for high service innovation performance is as follows: .30 for full membership, .15 as the cross-over point, and 0 as the threshold for nonmembership. 4 The proportion of cases (in terms of fuzzy membership value) that can be described by the configuration [40] . 5 The proportion of cases (in terms of fuzzy membership value) that can be described by a configuration appearing in a solution set but cannot be described by any other configuration from the set [40] .
(core conditions), along with innovation and networking capabilities as well as IT for exploration (peripheral conditions). These results first show that disparate digital ecodynamic configurations are equifinal in leading to high service innovation performance (confirmation of P1). The results also show that the same configurational element can either enable or inhibit innovation performance, that is, IT for exploitation inhibits high service innovation performance in the first configuration while it enables it in the second one (confirmation of P2).
With respect to the absence of the outcome, the analysis yields two different configurations. The first is characterized by the absence of networking capability and IT for exploration (core conditions), along with the absence of innovation capability (peripheral condition), regardless of IT for exploitation and environmental uncertainty. The second configuration involves firms lacking environmental uncertainty and IT for exploration (core conditions), as well as lacking innovation capability and IT for exploitation (peripheral conditions), regardless of networking capability. Thus, configurations leading to the presence of service innovation performance are different than those leading to its absence (confirmation of P3). Table 4 shows the results for the presence and absence ('~') of a different outcome, that is, 'very high' (instead of "high") service innovation performance 8 , obtained by recalibrating the performance data. The resulting configurations can be classified into first and 6 The extent to which a given combination is a sufficient condition for the outcome [59] . 7 The proportion of cases (in terms of fuzzy membership value) that can be described by at least one configuration in a solution set [40] . 8 The calibration for very high service innovation performance is as follows: .40 for full membership, .15 as the cross-over point, and 0 as the threshold for nonmembership. Legend.
Configurations for very high service innovation performance
: presence of a core condition : presence of a peripheral condition : absence of a core condition : absence of a peripheral condition blank : 'don't care' Table 4 . Causal configurations for the presence and absence (~) of very high service innovation performance second-order solutions based on their neutral permutations and equifinality of the different core conditions exhibited [15] . With respect to the presence of very high innovation performance, there is a highorder configuration characterized by the presence of IT for exploration (core condition), the absence of 
Discussion
The purpose of this exploratory research was to determine the causal conditions associated with the digital ecodynamic configurations that enable (and do not enable) SMEs to attain high (and very high) service innovation performance from a configurational approach and with special attention to IT ambidexterity. In doing so, this study's findings contribute to the literature in several ways. First, research on ambidexterity holds two opposing views: some posit that firms should be ambidextrous, i.e. should focus on both exploration and exploitation simultaneously [36] , while others argue that organizations need to focus on either exploration or exploitation, achieving ambidexterity by sequentially alternating between the two [37] . Our configurational approach suggests that these two conflicting views might each hold some truth. According to our results, firms that pursue solely IT for exploration can attain a high level of service innovation performance (in the absence of a networking capability, of an innovation capability and of IT for exploitation); as well, these firms can attain a very high level of service innovation performance (in the absence of environmental uncertainty, networking capability, and IT capability for exploitation). Firms that possess both IT capabilities for exploration and exploitation can also attain high service innovation performance in uncertain environments (when accompanied by an innovation capability and a networking capability). Furthermore, the absence of an IT capability for exploration is a core condition preventing SMEs to attain high and very high levels of service innovation performance. By allowing for equifinality and causal asymmetry, our configurational approach thus, provides a starting point from which to start reconciling opposing views about IT ambidexterity: IT for exploration is key in leading to (very) high service innovation performance in SMEs, and can be combined with IT for exploitation in uncertain environments when innovation and networking capabilities are in place. As a result, this explorative study answers calls for research on IT ambidexterity with more systemic, holistic and non-linear approaches that allow for a deeper understanding of the firm's digital ecodynamics [10] , that is, of the interplay between the firm's IT capabilities for exploration and for exploitation, its dynamic capabilities and environmental demands for service innovation performance [9] .
Second, within the strategic management and IS research domains, efforts have been made to explain how IT-related capabilities and DCs lead to high organizational performance [27, 35, 60] . Most of this literature has taken a 'unifinal' approach based on the 'best practices' assumption that there is one best way in which these elements may be combined to achieve performance. Our results, in contrast, suggest that DCs (i.e., innovation and networking capabilities) and IT capabilities for exploration and exploitation can affect innovation performance in different ways, depending on how these elements are configured in relation to the environment in which the firm operates.
Third, most strategic management studies have explored the dynamic capabilities-performance link without including IT-related constructs, while the reverse is true for most IS studies with regards to the IT capabilities-performance link [11, 12] . Thus, our results contribute to the literature by showing the synergetic effects of the elements comprising digital ecodynamic configurations that lead to high or very high service innovation performance.
Fourth, empirical research on the relation between IT capabilities and performance and between DCs and performance has yielded contradictory results [e.g., 14, 27, 35, 60] . Our results resolve these contradictions by showing that the contribution of DCs and IT capabilities to service innovation performance depends on how these elements of the firm are configured with each other and the environment.
Fifth, most research on the IT capabilitiesperformance and the DCs-performance links does not account for the environment, something "surprising" [14:2953] . Thus, our study contributes to the literature by demonstrating environmental uncertainty to be a core element of digital ecodynamics.
Finally, the relation between DCs and performance has been characterized as being "complex" and unexplainable by simple direct effects [61:42] . Thus, some researchers argue that an organizational outcome Page 5524 of interest rarely results from single causal factors [62] and thus call for organizational research to take a configurational approach [13, 34] . Our exploratory study contributes to this research stream by taking such an approach that provides a starting answer as to what configurations of DCs, IT capabilities, and the environment do and do not attain performance. Furthermore, our findings corroborate the proposed implications of using a configurational approach to study the digital ecodynamics of SMEs: a) equifinality, b) the same element can either enable or inhibit high service innovation performance, c) causal asymmetry, d) configurations can show permutations of peripheral conditions.
Our exploratory study also has implications for practice. It provides managers of industrial service SMEs and those who assist them with different digital ecodynamic configurations that may be emulated with the purpose of improving the firm's innovation performance. That is, given the resources at the disposal of these SMEs, they can envisage the successful configuration that best fits their specific environmental conditions. And given causal asymmetry, they can avoid configurations that lead to the absence of service innovation performance.
Conclusion
In summary, a QCA-based approach allowed us to identify causal configurations that associate the digital ecodynamics of industrial service SMEs to high and very high levels of service innovation performance. These configurations were characterized in terms of the firms' environmental uncertainty, dynamic capabilities and IT ambidexterity. Our study is not free of limitations however. Although our sample size is enough for performing fsQCA, its representativeness might be limited as these are firms that have chosen to undertake a benchmarking exercise [63] . Also, ours is a cross-sectional study and as such, delayed effects on performance of the configurations cannot be ascertained.
In further exploring the digital ecodynamics of SMEs, future research could include other salient dynamic capabilities, such as the absorptive capacity developed by these firms to deal with the increasing complexity of their business environment [32] . All in all, by using a configurational approach, future studies may add to our comprehension of how a firm attains IT-business value by further untangling the ways in which the various elements of the firm's digital ecodynamics interact in the pursuit of performance.
